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BACKGROUND: Soft tissue sarcomas (STS) are generally considered non-immunogenic, although specific subtypes respond to
immunotherapy. Antitumour response within the tumour microenvironment relies on a balance between inhibitory and activating
signals for tumour-infiltrating lymphocytes (TILs). This study analysed TILs and immune checkpoint molecules in STS, and assessed
their prognostic impact regarding local recurrence (LR), distant metastasis (DM), and overall survival (OS).

METHODS: One-hundred and ninety-two surgically treated STS patients (median age: 63.5 years; 103 males [53.6%]) were
retrospectively included. Tissue microarrays were constructed, immunohistochemistry for PD-1, PD-L1, FOXP3, CD3, CD4, and CD8
performed, and staining assessed with multispectral imaging. TIL phenotype abundance and immune checkpoint markers were
correlated with clinical and outcome parameters (LR, DM, and OS).

RESULTS: Significant differences between histology and all immune checkpoint markers except for FOXP3+ and CD3—PD-L1+ cell
subpopulations were found. Higher levels of PD-L1, PD-1, and any TIL phenotype were found in myxofibrosarcoma as compared to

leiomyosarcoma (all p < 0.05). The presence of regulatory T cells (Tregs) was associated with increased LR risk (p = 0.006),
irrespective of margins. Other TILs or immune checkpoint markers had no significant impact on outcome parameters.
CONCLUSIONS: TIL and immune checkpoint marker levels are most abundant in myxofibrosarcoma. High Treg levels are
independently associated with increased LR risk, irrespective of margins.

British Journal of Cancer (2021) 125:717-724; https://doi.org/10.1038/s41416-021-01456-0

INTRODUCTION
The tumour microenvironment (TME), consisting of several cell
types (e.g. immune cells, fibroblasts) and extracellular components
(e.g. hormones, cytokines, growth factors) [1], plays a crucial role
in hosts’ immune response to neoplasms [2]. The magnitude of
antitumour response relies on a balance between inhibitory and
activating signals for T cells, predominantly mediated through
immune checkpoint molecules [2, 3]. Within the TME, however,
aberrant expression of specific immune checkpoint markers,
including programmed cell death protein 1 (PD-1) and its ligand
PD-L1, usually promotes immune tolerance and tumour cells’
immune escape [4, 5]. For example, increased expression of PD-1
on the surface of T cells together with consecutive overactivation
of the PD-L1/PD-1 pathway mitigates apoptosis of regulatory
T cells (Tregs) whilst enhancing apoptosis of antigen-specific
T cells [6-8].

A rough classification of >50 histological soft tissue sarcoma
(STS) subtypes differentiates between “simple” and “complex”
karyotypes [9]. Whilst in “simple” karyotypes, specific mutations or

genetic translocations can be identified, unspecific genetic
alterations are seen in STS subtypes with “complex” karyotypes
[10]. Representatives of the latter group include leiomyosarcomas
(LMS), undifferentiated pleomorphic sarcomas (UPS), and myxofi-
brosarcomas (MFS) [9, 10]. These genetically heterogeneous STS
subtypes may provide multiple potential targets for the host’s
immune system, resulting in an increased amount of tumour-
infiltrating lymphocytes (TILs), as well as aberrant expression of
immune checkpoint markers [11-13]. In line with this, distinct STS
subtypes like UPS seem to respond to immune checkpoint
inhibitors pembrolizumab [14] and nivolumab plus ipilimumab
[15]. Yet, overall response rates are lower than observed in non-
small cell lung cancer, renal cell carcinoma, or melanoma [14, 15].
This can be explained by the generally low immunogenicity of
STS, resulting in an immune cell-poor TME, with a consecutive lack
of targetable molecules [16-18].

So far, only a few studies investigated the abundance and
prognostic impact of immune checkpoint molecules and TILs in STS
[18-22]. Therefore, this study aimed at thoroughly investigating the
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abundance of immune checkpoint markers, as well as one of TILs in
STS of extremities and trunk. Furthermore, their potential impact as
prognostic markers for local recurrence (LR), distant metastasis
(DM), and overall survival (OS), was analysed.

MATERIALS AND METHODS

Overall, 192 patients treated with curative intent for localised STS at a
single centre between 1998 and 2016 were retrospectively included in this
study, after exclusion of patients receiving neoadjuvant treatment
(neoadjuvant radiotherapy: n=4; neoadjuvant chemotherapy: n=10).
The median patient age was 63.5 years (interquartile range [IQR]: 49.5-76.0
years), and 103 patients were male (53.6%). The median follow-up was
45.5 months (IQR: 19.0-99.0 months).

Clinical data

Maximal tumour diameter was taken from pathological reports or
preoperative magnetic resonance imaging (MRI) scans. Resection margins
were defined according to the Union International Contre le Cancer
guidelines [23]. RO defines negative margins with at least 1 mm of healthy
tissue between surface and tumour, R1 define marginal margins with
<1mm of healthy tissue separating surface and tumour, and R2
contaminated margins with tumour cells directly at the surface. R1 and
R2 margins were grouped together against RO margins for statistical
analyses. Six histological categories based on their frequency were formed,
i.e. MFS, synovial sarcoma (SS), UPS, liposarcoma (LPS), LMS, and “other”
(for a complete list of rare histological subtypes see Supplementary
Table 1). Histologies were defined according to the World Health
Organisation Classification of Tumours of Soft Tissue and Bone 2013 [24].
The French Federation of Cancer Centres Sarcoma Group (FNCLCC) grading
system was used to differentiate low grade (i.e. G1), intermediate (i.e. G2),
and high-grade (i.e. G3) STS. Depending on the location of the tumour in
relation to the fascia, tumours were either classified as superficial (above
fascia), deep (beneath fascia), or superficial and deep (tumour mass above
and beneath fascia, with fascia breached).

Institutional review board (IRB) approval was obtained prior to study
initiation (IRB approval number: 29-205 ex 16/17). Written informed
consent has been obtained from all patients included.

Regular clinical and radiographic (chest X-ray or chest computed
tomography [CT] scan; local MRI) follow-up appointments were scheduled
after surgery, with 3-monthly check-ups for the first 3 postoperative years,
6-monthly check-ups for years 4 and 5, and yearly check-ups thereafter.

LR was defined as recurrent tissue at the original tumour site, either
diagnosed on MRI scans or upon histopathological analysis of re-resection
specimens. DMs were defined as tumour seeding remotely from the
original tumour site, as detected by MRI, CT scans, or x-rays. Time to LR and
DM was defined as the time interval from surgery to either diagnosis of LR
or DM, or last follow-up. Time to the last follow-up was defined as the time
from surgery to last follow-up or death.

Construction of tissue microarrays

All initially included tumour samples (n=206) were independently re-
evaluated by two specialised soft tissue tumour pathologists (IB and BL-A).
After marking representative tumour areas, paraffin blocks were punched
at the regions of interest into a total of 1621 cores of 4 um thickness.
Subsequently, cores were transferred to five recipient paraffin blocks
(containing between 235 and 420 cores) and 3-5 um sections were cut
from the tissue microarray (TMA)-paraffin blocks to perform multiplex
immunohistochemistry (MP-IHC). Notably, 541 cores (between 25 and 88
per TMA block) were lost and/or damaged during cutting and other pre-
processing steps. The remaining 1080 cores, equivalent to seven cores per
tumour on average, were finally analysed and evaluated.

Multiplex immunohistochemistry

MP-IHC with six fluorescence-conjugated antibodies and 4/,6-diamidino-2-
phenylindole (DAPI) was performed, using the following reagents: PD-1
(clone NAT105, Abcam plc, Cambridge, UK, ab234444), PD-L1 (clone 22C3,
Dako, M3653), FOXP3 (clone D608R, part of Opal 7 TIL Kit from Akoya
Biosciences, OP7TL3001KT), CD3 (clone LN10, Leica Biosystems Inc., Vienna,
Austria, NCL-L-CD3-565), CD4 (clone EPR6855, Abcam plc, Cambridge, UK,
ab133616), CD8 (C8/144B, Abcam plc, Cambridge, UK, ab75129). Tyramide
signal amplification (TSA) Kit (Akoya Biosciences, Marlborough, USA)
technique was used for MP-IHC.

Staining, scanning, and image analysis

Prior to MP-IHC, all monoclonal-specific primary antibodies were first
tested as monoplex staining on positive control tissues according to the
recommendations given by the manufacturers. In addition, appropriate
negative control staining for the secondary antibodies was applied on
human tissue to avoid non-specific binding and false-positive results.
The final multiplex panel was tested on sarcoma tissue (formal-fixed
paraffin-embedded full section) before applying it on the sarcoma TMA
sections.

All TMA slides were stained with the autostainer system Bond RX (Leica
Biosystems Inc., Vienna, Austria). The Vectra® 3 (Akoya Biosystems,
Marlborough, USA; software version 3.0.7) microscope was subsequently
used to scan the slides. To detect individual TMA scores, whole-slide scans
at x4 magnification were taken. At xX20 magnification, multispectral images
of identified TMA cores were subsequently recorded. This resulted in one
image colour channel for every antibody stained. The inForm software
(Akoya Biosystems, Marlborough, USA; software version 2.4.8) was applied
for image processing, spectral unmixing, and removal of autofluorescence.
The HALO® Image Analysis Platform (Indica Labs, Albuguerque, NM, USA;
version 3.1.1076.342) was used for the evaluation of the multispectral
images. For this purpose, single recorded images at x20 magnification
were stitched together to obtain a continuous field of view covering the
entire TMA slide (Fig. 1). By defining a threshold for DAPI-stained nucleus
size, signal intensity, and roundness, individual cells were identified.
Thresholds for the analysed fluorescence-labelled markers were set based
on the staining intensity of the entire cell.

Positivity of each cell to immune checkpoint markers PD-1, PD-L1, and
FOXP3 was automatically counted on TMAs. Moreover, the combination of PD-
1 and PD-L1 expression on each cell was independently assessed, resulting in
three additional phenotypes (i.e. PD-14-PD-L1+; PD-1+PD-L1—; PD-1PD-L1+).
Based on immune cell markers CD3, CD4, and CD8, 4 TIL phenotypes were
differentiated in all TMA cores: T cells (CD3+), helper T cells (CD3+CD4-+),
cytotoxic T cells (CD3+CD8+), and Treg (CD3+CD4+FOXP3+; Supplementary
Table 2). The combination of TIL phenotypes with immune checkpoint markers
resulted in five additional subtypes automatically counted on TMAs: PD-L1-+
CD3+ T cells, PD-1+CD3+ T cells, PD-1+CD3+CD4+ helper T cells, PD-1+
CD3+CD8+ cytotoxic T cells, and PD-14+CD3-+CD4+FOXP3+ Tregs. Further-
more, CD3— cells, positive for either PD-1 (CD3—PD-1+) or PD-L1 (CD3—PD-
L1+), were differentiated.

All phenotypes were automatically counted in each TMA core
individually and later combined for cores of the same patient. Percentage
of immune checkpoint marker and TIL phenotype abundances were
calculated by aggregating all cells of all TMA cores of the same patient.
Through this approach, large local fluctuations in cell counts or pooling of
individual cell types within one core can be accounted for. For descriptive
analyses, “low” and “high” densities of respective TIL phenotype and
immune checkpoint marker abundances were defined as <1% or >1% of
the entire cell count (Table 1). Notably, due to non-normal distribution of
phenotype abundance across the entire patient cohort, statistical analyses
were performed on median values rather than means.

Statistical analysis

Means and medians with corresponding standard deviations (SDs) and IQRs
were provided for demographic, tumour, and treatment-related variables,
as well as phenotype abundances. We analysed quantitative differences in
phenotype abundances between patient groups and binominal or
categorical variables using Wilcoxon's rank-sum and Kruskal-Wallis tests,
respectively. Post hoc Dunn tests (using Benjamini-Hochberg adjustment for
multiple comparisons [25]) were used. Spearman’s rank correlation
coefficients were calculated to assess potential associations between
immune checkpoint markers and TILs.

Time-dependent effects of prognostic variables on the development of
LR and DM were assessed with univariate and multivariate Fine and Gray
models, with death as the competing event. The influence of variables on
OS was analysed with univariate and multivariate Cox regression models.
All factors with a p value of <0.1 in the univariate analyses were included in
the multivariate models as long as the “one in ten rule” [26] was not
violated. For all results, a p value of <0.05 was considered statistically
significant.

RESULTS
The mean tumour size was 8.5+5.2cm, and most STS were
located in the lower limb (n = 125; 65.5%). The majority of STS was
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Fig. 1

classified as G3 (n = 132; 72.5%), and most tumours were located
deep to the muscular fascia (n=111; 57.8%). CD3+ T cells were
the most abundant TIL subpopulation with 1.02% (IQR:
0.30-3.15%), whereas FOXP3 was the most abundant marker with
2.6% (IQR: 0.38-16.85%). In other words, 50.5% of tumour samples
contained >1% CD3+ T cells, and 63.5% of samples >1% FOXP3+
cells. Further quantitative and qualitative immune checkpoint
marker and TIL phenotype abundances, as well as clinical,
pathological, and treatment-related variables, are listed in Table 1.

Correlation between immune checkpoint markers and TILs
There was a strong positive correlation between presence of PD-
14+ cells and FOXP34 cells (rho=0.737), as well as a weak
positive correlation between PD-1+ cells and Tregs (rho =0.311;
Supplementary Fig. 1). A moderate positive correlation was found
for PD-L1+ cells and all T cell subtypes. As expected, a strong
correlation between CD3+ T cells and CD3+CD4+ helper T cells
(rho=0.761), CD3+CD8+ cytotoxic T cells (rho=0.880), and
CD3+CD4-+FOXP3+ Tregs was present (rho = 0.742; Supplemen-
tary Fig. 1).

Difference in immune checkpoint markers between patient
subpopulations

Higher amounts of PD-L1+4 cells were found in STS of older
patients (=63.5 vs. <63.5 years: 0.71% vs. 0.46%; p =0.047), as
were increased levels of PD-L14+-PD-1+ cells (0.03 vs. 0.00%; p =
0.038). Also, CD3—PD-L1+ cell amounts were higher in patients
>63.5 years of age (0.28 vs. 0.16%; p=0.014), whereas no
difference for CD3—PD-1+ cells depending on age was present
(p =0.233). Corresponding to this, no difference depending on
patient age was found for PD-1+ cells (p =0.215). Neither there
was a difference for FOXP3+ cells (p = 0.860), PD-L1+PD-1— cells
(p=0.074), or PD-L1—PD-1+ cells (p=0.211) between age
groups. Abundance of all immune checkpoint marker-positive
cells (i.e. PD-L1+; PD-1+; PD-L1+PD-1—; PD-L1—PD-1+; PD-L1+
PD-1+; CD3—PD-1+), except for FOXP3+ and CD3—PD-L1+
subpopulations, were significantly different depending on histo-
logical subtype (p <0.05; Fig. 2a). Of note, significantly higher
immune checkpoint marker levels were found in MFS in
comparison to LMS (Fig. 2a). No significant difference in immune
checkpoint markers between gender, grading, tumour size, depth,
or tumour location was found.
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Multispectral images of two myxofibrosarcomas. Note the difference between the left (low abundance) and right sample (high
abundance) regarding immune cell and checkpoint marker abundance.

Difference in TIL abundance between patient subpopulations
The amount of CD3+ T cells was significantly higher in G3 STS in
comparison to G1 or G2 STS (G3 vs. G1/2: 1.31 vs. 0.78%; p =
0.047). The abundance of the other TILs did not significantly differ
depending on grading.

In older patients, higher amounts of CD3+CD4+ helper T cells
(0.14 vs. 0.07%; p = 0.030), PD-14+-CD3+ T cells (0.06 vs. 0.01%; p =
0.013), PD-14+CD3+4-CD4+ helper T cells (0.01 vs. 0.00%; p = 0.010),
CD3-+CD4+FOXP3+ Tregs (0.06 vs. 0.02%; p = 0.010), and PD-1+
CD3+CD8+ cytotoxic T cells (0.03 vs. 0.00%; p=0.019) were
found. On the other hand, CD3+ T cells (p =0.072), CD3+CD8+
cytotoxic T cells (p=0.106), PD-L1+CD3+ T cells (p=0.195),
PD-1+CD3+CD4+FOXP3+ Tregs (p =0.116), and PD-L1+ T cells
(p =0.195) did not significantly differ depending on patient age.

All TIL phenotypes did significantly differ depending on histological
subtype (p < 0.05). Notably, for any TIL phenotype analysed, the levels
were significantly higher in MFS in comparison to SS and LMS
(Fig. 2b). For the remaining histological subtypes, except for UPS,
significant differences in comparison to MFS, depending on TIL
phenotype, were present. Moreover, in UPS, we found significantly
higher levels of CD3+ T cells, PD-1+CD3+ T cells, CD3+CD8+
cytotoxic T cells, and PD-14CD3+CD8+ cytotoxic T cells in
comparison to SS, and higher levels of CD34+-CD8+ cytotoxic T cells
compared to LPS (Fig. 2b).

There was no significant difference between TIL abundance and
gender, tumour size, depth, or tumour location.

Prognostic impact of clinical variables and phenotype
abundances on LR risk

In the univariate analysis, the only TIL phenotype significantly
associated with increased risk for LR were high levels of Tregs
(p =0.016; Table 2). There was a trend towards increased LR risk
in case of high levels of PD-1+ Tregs (p =0.061), PD-L1+4-PD-1+
cells (p =0.070), and CD3—PD-1+ cells (p =0.078), as well as a
decreased LR risk for high helper T cell abundancy (p =0.062),
which, however, did not reach statistical significance (Table 2). All
other markers and TIL phenotypes showed no statistically
significant association (Table 2). Margin status (p =0.063) was
not significantly associated with LR risk. Other clinical parameters
such as tumour size (p =0.343) and patient age (p=0.251) did
not reach statistical significance (Table 2). In the multivariate
model, high levels of Tregs remained significantly associated with
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Table 1. General patient features.

Count
Age (years)
Median + QR 63.5 (49.5-76.0)
Gender
Male 103 (53.6%)
Female 89 (46.4%)
Tumour size (cm)
Mean + SD 85+52
Location
Upper limb 48 (25.1%)
Lower limb 125 (65.5%)
Trunk 18 (9.4%)
Depth
Superficial 54 (28.1%)
Deep 111 (57.8%)
Superficial + deep 27 (14.1%)
Grade
G1 17 (9.4%)
G2 33 (18.1%)
G3 132 (72.5%)
Margins
RO 146 (76.0%)
R1 42 (21.9%)
R2 4 (2.1%)
Histology
MFS 78 (40.6%)
SS 12 (6.2%)
UPS 32 (16.7%)
LPS 22 (11.5%)
Other 26 (13.5%)
LMS 22 (11.5%)
Adjuvant radiotherapy®
No 66 (36.1%)
Yes 117 (63.9%)
Adjuvant chemotherapy®
No 172 (89.6%)
Yes 20 (10.4%)
Follow-up (months)
Median +1QR 45.5 (19.0-99.0)
Status
Alive 123 (74.1%)
Died 69 (35.9%)
Median percentage
(IQR)
Low (<1%) High (>1%)
Makers (percent of total cells)®
PD-L1+ cells 0.57 (0.13-1.70)
PD-1+ cells 0.82 (0.06-5.27)
PD-L1+PD-1— cells 0.47 (0.01-1.51)
PD-L1—PD-1+ cells 0.59 (0.05-5.54)
PD-L1+PD-1+ cells 0.01 (0.00-0.17)
FOX3P+ cells 2.60 (0.38-16.85)
Median

percentage (IQR)

TILs (percent of total cells)

CD3+ T cells 1.02 (0.30-3.15)
PD-1+CD3+ T cells 0.03 (0.00-0.38)
PD-L1+CD3+ T cells 0.15 (0.02-0.71)

CD3+CD4+ helper T cells 0.11 (0.01-0.47)
PD-1+CD3+CD4+ helper 0.00 (0.00-0.03)

T cells

Density (n; %)

129 (67.2)
99 (51.6)
176 (91.7)
144 (75.0)
189 (98.4)
70 (36.5)

Density (n; %)
Low (<1%)

95 (49.5)

172 (89.6)
181 (94.3)
167 (87.0)
191 (99.5)

63 (32.8)
93 (48.4)
16 (8.3)
48 (25.0)
3 (1.6)
122 (63.5)

High (>1%)

97 (50.5)
20 (10.4)
11 (5.7)
25 (13.0)

1(0.5)

Table 1 continued

Count

CD3+-CD8+ cytotoxic T cells 0.20 (0.03-0.82) 150 (78.1) 42 (21.9)
PD-1+CD3+CD8+ 0.00 (0.00-0.12) 191 (99.5) 1 (0.5)
cytotoxic T cells

CD3+CD4+FOXP3+ Tregs 0.05 (0.00-0.30) 177 (92.2) 15 (7.8)
PD-1+CD3+CD4--FOXP3 0.15 (0.02-0.71) 192 (100.0) 0 (0.0)
+ Tregs

Median Density (n; %)

[peEEmiEe (11 Low (<1%)  High (>1%)

Marker-positive CD3- cells
(percent of total cells)

CD3—PD-1+ cells 0.53 (0.04-4.69) 145 (75.5) 47 (24.5)
CD3—PD-L1+ cells 0.21 (0.05-0.76) 156 (82.3) 36 (18.7)
Phenotype percentages are presented as fractions of positive cells against

all cells.

IQR interquartile range, SD standard deviation, TILs tumour-infiltrating
lymphocytes, MFS myxofibrosarcoma, SS synovial sarcoma, UPS undiffer-
entiated pleomorphic sarcoma, LPS liposarcoma, LMS leiomyosarcoma.
Information on adjuvant radiotherapy missing in nine patients.

POverall percentage of marker-positive cells against all cells.

“Percentage of TIL fractions against all cells.

dPercentage of marker-positive CD3— cells against all cells.

increased risk of LR (p = 0.006), irrespective of margin status (p =
0.072; Table 3).

Prognostic impact of clinical variables and phenotype
abundances on DM risk

In the univariate Fine and Gray model for DM, the only factors
significantly associated with higher risk for metastatic spread were
large tumour size (p =0.010), G3 in comparison to G1 STS (p =
0.042), and the histological subtype UPS (p =0.020) compared to
MFS. None of the immune checkpoint markers or TIL phenotype
abundances was significantly associated with higher DM risk in
the univariate analysis (Table 2). In the multivariate model, a large
tumour size (p = 0.003), and histological subtypes UPS (p = 0.008)
and LMS (p =0.031) in comparison to MFS, was associated with
lower DM risk, irrespective of grading (Table 3).

Prognostic impact of clinical variables and phenotype
abundances on OS

Advanced patient age (p <0.001), high CD3—PD-L1+ levels (p =
0.021) and low levels of FOXP3+ cells (p = 0.023) were associated
with worse OS in the univariate Cox regression analysis.
Furthermore, a large tumour size (p=0.051) was marginally
associated with worse OS (Table 2). Other clinical variables,
immune checkpoint markers, or TIL phenotype abundances
showed no statistically significant association with OS (Table 2).
In the multivariate analysis, advanced patient age (p <0.001)
remained significantly associated with worse OS, irrespective of
tumour size (p = 0.076), FOXP3+ levels (p = 0.076), and CD3—PD-
L1+ levels (p =0.087; Table 3).

DISCUSSION

In the present study, a positive correlation between PD-L1
expression and abundance of TILs in STS was found. Higher
numbers of PD-L1+ cell levels were found in older patients and
patients with MFS compared to LMS. CD3+ T cell abundancy
increased with tumour dedifferentiation, as indicated by higher
levels being present in G3 in comparison to G1/G2 STS. Specific TIL
phenotypes, namely CD3+CD4+ helper T cells, PD-1+CD3+
T cells, CD34+CD4+FOXP3+ Tregs, PD-14+CD3+CD4+ helper
T cells, and PD-1+CD3+CD8+ cytotoxic T cells were more

British Journal of Cancer (2021) 125:717 -724



M.A. Smolle et al.

CD3+ PD14CD3+ PD-L1+CD3+
T cells Tcells Tcells

'

rﬂj%'
-

I+
Dj‘*l
|

!
b

|

a PD-L1+ PD1+ PD-L1+PD-1-

N cells A cells Y cells

[ 1 . & I m_gzz
B Hoee (L Hacd_ (| |B_Bida

% posit

PD-L1-PD-1+ PD-L1+PD-1+ FOXP3+
cells cells cells

Sos =

lis in total cells

;%TE&&& i: @_ﬁg &ég &és

[
% positive cells in total cells

PD1+CD3+CD4+
Helper T cells

CD3+CD8+
Cytotoxic T cells

CD3+CD4+
Helper T cells

Bioo [ln .

s oo

ositive cells in total cells

e
I

CD3-PD1+ CD3-PD-L1+
cells o cells

bododa

S Synovial sarcoma

l

(NS
H

]
(-
|

[ MFH/UPS
[ Others

Liposarcoma
B | eiomyosarcoma

Fig. 2

PD1+CD3+CD8+
Cytotoxic T cells

CD3+CD4+FOXP3+
Regulatory T cells

e

PD1+CD3+CD4+FOXP3+
Regulatory T cells

lis in total cells

]
h
|

__I— Z o

ESmm Synovial sarcoma

Liposarcoma
Emmm—— | ciomyosarcoma

Immune checkpoint markers and TIL phenotype abundance depending on histology. Difference in immune checkpoint markers and

CD3— subpopulations (a), as well as TIL phenotype abundance depending on histological subtype (b). Significant differences (p < 0.05) were
highlighted with bars and asterisks. UPS undifferentiated pleomorphic sarcoma.

abundant in older STS patients compared with younger ones. High
FOXP3+ cell levels were significantly associated with improved OS
in the univariate analysis, while none of the other investigated
immune checkpoint markers had prognostic significance regard-
ing LR risk, DM risk, or OS. Moreover, Tregs were the only TIL
phenotype of independent negative prognostic significance for
LR. None of the other TIL phenotypes was significantly associated
with LR risk, DM risk, or OS.

Some limitations regarding the present study have to be
considered. First, the study comprises a limited and heteroge-
neous cohort of patients, owing to the rarity of STS in general as
well as the numerous histological subtypes with different
biological behaviour. Second, due to the limited number of
patients, known prognostic factors as age, margin status, grading,
and tumour size were only in part significant in the current study.
Third, the retrospective design of the current study naturally led to
various (adjuvant) treatment approaches that could not be totally
adjusted for in the present study despite multivariate analyses.
Fourth, IHC only was used to analyse the presence and phenotype
of TILs, as well as immune checkpoint marker expression. Further
studies, e.g. by applying gene expression analyses, are thus
warranted to eventually confirm the herein described preliminary
findings. Fifth, rather than defining cut-off values for individual
immune checkpoint markers and TIL abundances, they were
measured quantitatively. Although this approach may not allow
for direct transfer of observed results into clinical practice, it
avoids information loss for statistical analysis.

Differences in the microenvironment of STS subtypes, together
with immune checkpoint marker expression and TIL abundance,
may be an explanation for varying response rates to immu-
notherapies. For example, Boxberg et al. [18] reported on higher
PD-L1 expression in UPS compared with angiosarcoma, LMS, or SS.
Likewise, Pollack et al. [13] discovered that both PD-L1 and PD-1
levels are significantly higher in UPS in comparison to well- or
dedifferentiated LPS, LMS, or SS, and that UPS and SS show the
highest and lowest amounts of T cell infiltration, respectively [13].
In line with this, we observed significantly higher levels of various
TIL phenotypes (T cells, PD-1+ T cells, cytotoxic T cells, and PD-1+
cytotoxic T cells) in UPS in comparison to SS. Furthermore, a
higher prevalence of all immune checkpoint markers, except for
FOXP3, was observed in MFS in comparison to LMS, indicating a
strong immunogenicity of this specific histological subtype.

Yet, the immune checkpoint marker expression levels on TILs in
STS are generally lower than that observed in other solid tumours,
with 5.7 and 10.4% of STS samples in the current study containing
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high levels of CD3+PD-L1+ TILs and CD3+-PD-1+ TILs, defined as
density >1%. As a comparison, PD-L1 expression levels on >1% of
TILs are observed in up to 48% of gastric cancers [27], 37.3% of
small cell lung cancers [28], and 25.1% of triple-negative breast
cancers [29]. Moreover, in small cell lung cancer, PD-1 expression
on >1% of TiLs is found in 40.2% of tissue samples [28].

In the current study, specific TIL phenotypes were more
abundant in older patients, corresponding to previous observa-
tions [30]. This might explain a potentially enhanced response to
immune checkpoint inhibitors in elderly patients [31, 32]. How-
ever, experimental evidence using mouse models suggests that
despite a high abundance of immune checkpoint markers on
aged T cells, restoration of their activity by immune checkpoint
blockade is less effective than in T cells of young mice [33].

D’Angelo et al. discovered a positive association between high
CD3+ and CD8+ T cell levels, and PD-L1 and PD-1 expression
[19]. In our study, we likewise observed this positive correlation
between PD-L1 and TILs, but not between PD-1 and TILs. This
discrepancy may be explained by the fact that D'Angelo et al.
used an arbitrary cut-off value of 5% to differentiate between
“high-density” and “low-density” TILs, as well as 1% for “positive”
vs. “negative” PD-L1 expression [19], whilst we analysed
percentages of positively stained cells within total cells. Similar
observations have been made by Boxberg et al. [18], with the
authors further assuming that the varying results reported in the
literature can be attributed to the different antibodies that were
used, dynamic expression of immune checkpoint markers,
influence of neoadjuvant treatments, and heterogeneous patient
cohorts [18].

We further discovered a positive correlation between increased
Treg levels and both PD-1 and PD-L1 expression, indicating PD-1/
PD-L1 pathway activation, consecutively mitigating apoptosis of
Tregs [6, 71. In line with this, high levels of Tregs were the only TIL
phenotype of independent negative prognostic impact on LR risk,
whilst having no effect on DM risk or OS. Elevated Treg levels
within the TME have been correlated with advanced disease and
poor prognosis [34, 35]. In STS, the potential role of Tregs has been
investigated by Que et al,, reporting that high levels are associated
with poor disease-free survival and OS [36]. Furthermore, they
discovered a positive association between PD-L1 expression and
Treg infiltration [36]. In the present study, a positive correlation
between PD-L1 and Tregs was found. However, we were unable to
demonstrate a significant impact of Treg infiltration on patients’
OS. Yet, high Treg levels were independently associated with
higher risk for LR, irrespective of margin status. This implies a
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Table 2.

Univariate analysis

Female (vs. male as ref.)
Age at surgery (years)
R1/2 margins (vs. RO as ref.)
Upper limb (ref.)
Lower limb
Trunk
Supefficial (ref.)
Deep
Superficial + deep
G1 (ref)
G2
G3
Tumour size (cm)
MF (ref.)
SS
UPS
LPS
Other
LMS
Adjuvant RTX (vs. no adjuvant RTX as ref.)
Adjuvant CTX (vs. no adjuvant CTX as ref.)
PD-L1+ cells
PD-1+ cells
PD-L1+PD-1— cells
PD-L1—PD-1+ cells
PD-L1+PD-1+ cells
FOX3P+ cells
CD3+ T cells
PD-1+CD3+ T cells
PD-L1+CD3+ T cells
CD3+4-CD4+ helper T cells
PD-1+CD3+CD4+ helper T cells
CD3+-CD8+ cytotoxic T cells
PD-14+CD3+CD8+ cytotoxic T cells
CD3+-CD4+FOXP3+ Tregs
PD-1+CD3+CD4+FOXP3+ Tregs
CD3—PD-1+ cells
CD3—PD-L1+ cells

Local recurrence

HR (95% CI)
0.91 (0.40-2.07)
1.01 (0.99-1.03)
221 (0.96-5.10)
]

0.87 (0.35-2.22)
0.94 (0.19-4.65)
1

0.40 (0.16-1.04)
1.35 (0.48-3.81)
]

3.12 (0.39-24.86)
2.10 (0.28-15.53)
0.96 (0.88-1.05)
;

N/A

0.93 (0.25-3.41)
0.66 (0.15-2.85)
1.82 (0.62-5.33)
1.76 (0.53-5.86)
1.23 (0.51-2.98)
0.31 (0.03-2.29)
1.07 (0.97-1.19)
1.02 (0.99-1.03)
1.10 (0.96-1.26)
1.02 (0.99-1.03)
1.03 (0.86-1.24)
1.00 (0.98-1.02)
1.02 (0.96-1.10)
1.07 (0.89-1.28)
1.09 (0.93-1.28)
1.24 (0.99-1.55)
1.28 (0.79-2.05)
0.91 (0.75-1.09)
0.77 (0.42-1.53)
1.33 (1.05-1.68)
8.91 (0.90-87.81)
1.02 (0.99-1.03)
1.09 (0.93-1.28)

Univariate Cox regression analysis for overall survival.

P values in bold highlight significant results.

Univariate competing risk regression analysis for local recurrence and distant metastasis, with death as competing event.

Distant metastasis Overall survival

p Value HR (95% ClI) p Value HR (95%Cl) p Value
0.817 1.01 (0.62-1.67) 0.962 0.90 (0.56-1.45) 0.667
0.251 1.01 (0.91-1.02) 0.403 1.04 (1.02-1.05) <0.001
0.063 0.75 (0.41-1.37) 0.347 0.68 (0.37-1.25) 0.215
1 1
0.772 1.36 (0.73-2.53) 0.332 0.95 (0.55-1.69) 0.873
0.935 1.23 (0.44-3.40) 0.695 1.35 (0.55-3.29) 0.511
1 1
0.059 1.23 (0.68-2.22) 0.497 0.97 (0.55-1.70) 0.907
0.566 1.41 (0.63-3.17) 0.405 1.56 (0.76-3.19) 0.223
1 1
0.282 3.08 (0.73-12.92) 0.124 1.40 (0.45-4.40) 0.566
0.468 4.08 (1.05-15.77) 0.042 2.11 (0.76-5.85) 0.149
0.343 1.05 (1.01-1.09) 0.010 1.04 (1.00-1.08) 0.051
1 1
N/A 1.93 (0.75-4.96) 0.173 1.70 (0.70-4.13) 0.239
0.907 2.32 (1.15-4.71) 0.020 1.73 (0.89-4.49) 0.108
0.580 0.55 (0.19-1.55) 0.256 0.39 (0.15-1.12) 0.080
0.273 1.31 (0.60-2.86) 0.499 1.41 (0.68-2.93) 0.356
0.358 2.08 (0.98-4.44) 0.058 1.42 (0.62-2.81) 0.476
0.653 0.95 (0.56-1.64) 0.894 0.68 (0.42-1.12) 0.132
0.249 1.58 (0.78-3.23) 0.204 0.89 (0.43-1.86) 0.751
0.248 1.02 (0.98-1.07) 0.323 1.02 (0.98-1.07) 0.355
0.070 1.01 (0.99-1.02) 0.449 1.01 (0.99-1.02) 0.481
0.178 1.04 (0.98-1.10) 0.194 1.03 (0.96-1.09) 0.446
0.070 1.01 (0.99-1.02) 0.431 1.01 (0.99-1.02) 0.536
0.728 0.99 (0.88-1.13) 0.974 1.06 (0.94-1.19) 0.357
0.823 0.99 (0.98-1.01) 0417 0.98 (0.96-0.99) 0.023
0.503 1.02 (0.99-1.05) 0.161 0.99 (0.96-1.04) 0.857
0.473 1.01 (0.86-1.14) 0.877 1.04 (0.92-1.18) 0.525
0.293 1.02 (0.97-1.08) 0.408 1.01 (0.93-1.08) 0.960
0.062 0.99 (0.86-1.14) 0.911 1.01 (0.88-1.15) 0.920
0.319 0.98 (0.69-1.38) 0.904 1.12 (0.81-1.56) 0.496
0.300 0.98 (0.89-1.08) 0.659 1.01 (0.91-1.01) 0.991
0.493 0.94 (0.78-1.14) 0.541 1.08 (0.94-1.25) 0.258
0.016 0.99 (0.84-1.18) 0.966 0.99 (0.83-1.18) 0.888
0.061 0.78 (0.09-6.62) 0.820 0.86 (0.05-16.29) 0.921
0.078 1.01 (0.99-1.02) 0.440 1.01 (0.99-1.02) 0514
0.312 1.08 (0.89-1.31) 0.458 1.15 (1.02-1.29) 0.021

N/A not applicable as too few variables in group, TILs tumour-infiltrating lymphocytes, MFS myxofibrosarcoma, SS synovial sarcoma, UPS undifferentiated
pleomorphic sarcoma, LPS liposarcoma, LMS leiomyosarcoma.

strong local effect of Tregs, suppressing the activity of TILs and
thus mitigating the host’s antitumour immune response [34].
Notably, chemotherapeutics as cyclophosphamide and paclitaxel,
agents also used in STS, can promote depletion of Tregs, thus
eventually improving tumour control [37-39]. Therefore, admin-
istration of these agents in patients with high Treg levels may
improve local control, particularly if a high LR risk is anticipated.
On the other hand, targeted agents against FOXP3, a marker
specific but not unique for Tregs, may not prove effective in STS,
considering that we discovered a marginally significant (p = 0.076)

protective effect of FOXP3+ abundance on patient OS. Our
observations are in line with those made by Bae et al. on the
genetic level, discovering that in STS patients with favourable OS,
overexpression of FOXP3, amongst other immune-associated
genes, is present [40]. Also, the seeming discrepancy between
FOXP3 abundance within the TME and Tregs, in particular, has
been previously observed in other tumours [41]. This contrast can
be explained by the fact that FOXP3 is likewise expressed by other
immune cell types apart from Tregs, including CD4+ and CD8+
cells [41-43].
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Table 3.

Multivariate analysis Local recurrence

HR (95% CI) p Value
Age at surgery (years)
R1/2 margins (vs. RO as ref.) 2.14 (0.94-4.89) 0.072
G1 (ref.)

G2

G3
Tumour size (cm)
MF (ref.)

SS

UPS

LPS

Other

LMS
CD3+CD4+FOXP3+ Tregs
FOX3P+ cells
CD3—PD-L1+ cells

Multivariate Cox regression analysis for overall survival.
P values in bold highlight significant results.

1.41 (1.08-1.59) 0.006

Distant metastasis

HR (95% CI)

1

2.69 (0.66-11.03)
2.68 (0.69-10.39)
1.06 (1.02-1.11)
1

1.72 (0.59-5.01)
2.69 (1.29-5.62)
0.48 (0.17-1.35)
1.57 (0.66-3.75)
2.16 (1.07-4.33)

Multivariate competing risk regression analysis for local recurrence and distant metastasis, with death as competing event.

Overall survival

p Value HR (95% Cl) p Value
1.03 (1.02-1.05) <0.001

0.169

0.153

0.003 1.04 (0.99-1.08) 0.076

0.321

0.008

0.163

0.307

0.031
0.98 (0.96-1.01) 0.076
1.12 (0.98-1.27) 0.087

TiLs tumour-infiltrating lymphocytes, MFS myxofibrosarcoma, SS synovial sarcoma, UPS undifferentiated pleomorphic sarcoma, LPS liposarcoma, LMS

leiomyosarcoma.

In conclusion, Tregs seem to play a crucial role in the local
progression of STS, being independently associated with higher LR
risk, irrespective of margin status. Therefore, antitumour agents
with the capability to affect Tregs may be administered in STS with
high levels of tumour-infiltrating Tregs to improve local control.
Yet, subsequent studies are warranted to further elucidate the
impact and targetability of Tregs in STS.
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